Subarachnoid haemorrhage due to a ruptured cerebral aneurysm is a dramatic event in neurosurgery and one of the most destructive. Its management is complicated by the risks of rebleeding and cerebral vasospasm and their sequelae. Rebleeding and vasospasm rarely occur before three days after the primary bleed.'2 Angiographic vasospasm is seen most often 10 to 17 days after bleeding.3 Because of the brain's vulnerability during spasm many surgeons prefer to wait until two weeks after the primary bleed to obliterate the aneurysm.4 Sano and Saito5 reported fatal postoperative vasospasm in patients operated upon on days 4 and 7 after a haemorrhage. However, the 'spasm period' coincides with the time when rebleeding is most likely. The incidence of rebleeding is highest at the end of the first week and at the beginning of the second after the primary bleed, and the mortality after the first recurrence is reported to be between 43 % and 64 %. 6 Thus most surgeons accept spontaneous mortality due to either progressive deterioration or to rebleeding during the first and second week. The surgical mortality when the patient has recovered from this deterioration can be low. It is therefore necessary to look for ways of lessening the risk of rebleeding during the first critical two weeks.
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The aim in treating patients with a ruptured aneurysm with antifibrinolytic agents is to prolong the duration of the formed blood clot within and about the wall of the aneurysm and thus prepare the way for mechanical repair of the rupture. Promising results with aminocaproic acid (EACA)7-11 and AMCA12-19 have been reported. Others, however, found that these drugs had no effect on rebleedings. [20] [21] [22] [23] [24] In this paper I report the results of two controlled clinical trials of the effect of AMCA on aneurysmal rebleeding, vasospasm, hydrocephalus, and circulatory disturbances.
Patients and methods
The trials were conducted over the years 1972 to 1978. The sealed-envelope technique was used instead of the double-blind method, since it was considered unethical to give placebo injections for a prolonged period. Only patients admitted to the hospital within three days after a subarachnoid haemorrhage due to a ruptured aneurysm and in whom treatment was started within 72 hours were included in the trials. The diagnosis was verified by spinal fluid (CSF) examination and cerebral angiography. In the second series all patients were also examined with CT-scan.
The patients were randomly assigned to conservative treatment (bedrest and sedation) or conservative treatment together with the administration of AMCA. In a first series of 46 patients 23 were given AMCA by slow intravenous injection in a dosage of 1 g 4-hourly during the first week, 1 g 6-hourly during the second to fifth weeks inclusive, and 1 g 8-hourly during the sixth week. In a second series of 59 patients 30 received AMCA in hourly intravenous infusions 6 g daily during the first week, 4 g daily during the second week, and 1 5 g by mouth four times a day during the third to sixth weeks. The patients who received AMCA were treated according to this scheme until rebleeding, operation, discharge, or death. Thus not all patients were treated throughout the entire six weeks.
Hypotensive drugs and corticosteroids were given in most cases in both groups. The patient's clinical condition on admission was assessed according to Botterell et al. 25 Evidence of rebleeding was verified by lumbar puncture, CSF spectrophotometry,26 CT-scan, or angiography. Repeated preoperative CT-scans and echo-encephalograms were performed to detect possible haematoma and hydrocephalus. The incidence of vasospasm was observed by repeated angiograms. The diameters of the internal carotid, middle cerebral, and anterior cerebral arteries were measured and compared with the diameters of the same vessels on the admission angiograms.27
Tranexamic acid (AMCA) in aneurysmal suborachnoid haemorrhage 23 were treated with AMCA. The groups were similar for sex and condition on admission. The mean age for men was 45 years (range 23-68) and for women 51 years (range 29-66). Eight patients in the AMCA-treated group and 10 in the control group had a history of arterial hypertension. Nineteen treated patients and 16 controls were operated on, usually with obliteration of the aneurysm, at an average of 16 and 18 days respectively after the primary bleed.
One patient in the AMCA-treated group had a fatal rebleed and died 33 days after the primary bleed. Nine patients in the control group rebled 3 to 34 days after the primary. Three patients rebled twice and three died from it. The difference in the incidence of rebleeding between the two groups is statistically significant (Fisher's exact probability test P < 0-01).
In the AMCA-treated group two additional patients died of cerebral ischaemia, one of them after operation. Repeated preoperative angiograms showed an increased incidence of vessel narrowing among the AMCA-treated patients. 28 Certain clinical findings such as impaired consciousness, with or without hemiparesis, were more prevalent in AMCA-treated patients with radiographically proved spasm than in those without. Ventricular dilatation usually developed 2-3 weeks after the first bleeding, was most pronounced after 2-3 months, and then decreased with no difference between the two groups. Only one patient in the control group needed a shunt. Deep venous thrombosis in the legs developed in two AMCA-treated patients and in one control patient. Two control patients had a suspected myocardial infarction. During the mean follow-up period of 18 months (range 3 to 34) a total of six treated patients and 10 controls died of various causes. The morbidity was similar in the two groups on discharge of the patients as well as during follow-up. Twenty-nine of the 59 patients in this series were controls and 30 were treated with AMCA. The groups matched for sex and condition on admission. The mean age for men was 44 years (range 27 to 72) and for women 55 years (range 19 to 73). Hypertension was noted in seven AMCA-treated and 12 control patients. In the AMCA-treated group a total of 14 patients were operated on at an average of 14 days after the primary bleed, whereas 22 patients in the control group were operated on on average 16 days after bleeding.
In the AMCA-treated group there were six rebleedings in six patients occurring 7 to 24 days after initial bleed. Five of them died. In the control group seven patients rebled 3 to 19 days after the initial bleed. Two patients rebled twice and one rebled three times. Five of the patients died from their recurrent bleedings. There was thus a higher rebleeding rate among the AMCA-treated patients in the second series as compared with the first one. This leads us to consider the way of administering AMCA, since the one difference between the two series was the route by which AMCA was given. In the first series it was given by slow intravenous injection for the entire six weeks, and in the second series it was given by intravenous infusion for the first two weeks and then by mouth.
To find out the comparative uptake of AMCA when given by intravenous injection, infusion, or mouth we studied the concentration of the drug29 and fibrinolytic split products30 in the CSF in six patients, two of whom received the drug intravenously by injection, two by infusion, and two by mouth. The CSF concentration of AMCA reached 2 mg/l (which was considered therapeutic31) within 48 hours in all six patients (Figure) . Con Table 1 ). Three reported that AMCA had a positive effect in preventing rebleeding, whereas the others reported practically no difference in the rebleeding rate between AMCA-treated patients and controls. Nevertheless, some factors might have influenced the latter results. Firstly, van Rossum and coworkers23 did a multicentre study, and in some of the patients treatment started late. Only 25 out of 51 patients underwent cerebral angiography, which leaves doubt about the diagnosis of ruptured aneurysm. Furthermore, three patients had diabetes mellitus. Glucose increases blood fibrinolytic activity34 35 Table 1 shows a clear reduction in rebleedings among AMCA-treated patients whereas the difference in mortality from rebleeding between AMCA-treated patients and controls is rather small. If we compare the incidence of rebleeding in our two series15 1633 there is an astonishing difference between the one out of 23 AMCA-treated patients and the nine out of 23 controls in the first series and the corresponding six out of 30 and seven out of 29 in the second series (Table 2) .
A total of seven patients (13%) in the AMCAtreated group had seven rebleedings at the 16th day on average after the initial haemorrhage, whereas 16 control patients (31 %) had 22 rebleedings on the 10th day on average. The difference in rebleeding rate between the two groups is statistically significant (p < 0-05). Most of the recurrent bleedings in the control group occurred during the first weekearlier than in the AMCA-treated group. A total of six treated patients and eight controls died from their rebleedings. In addition, seven treated patients and two controls died from cerebral ischaemia. The total mortality from rebleeding and spasm/ischaemia was 25% in the AMCA-treated group and 19% in the control group during the six weeks' observation ( Table 2 ). The morbidity was the same in both groups. In a co-operative aneurysm study Nibbelink9 concluded that antifibrinolytic therapy combined with antihypertensive medication caused a higher rate of rebleeding and mortality than antifibrinolytic therapy alone. In our series, one AMCA-treated patient who had a rebleed was taking chlorpromazine, which prolongs the bleeding time40 and increases blood noradrenaline.41 This in turn might increase the fibrinolytic activity of blood.42 43 Other drugs that might have influenced fibrinolysiscoagulation and thus the rebleeding rate in our patients were corticosteroids4445 and radiographic contrast media.46 The raised intra-arterial pressure during injection of contrast material could also have initiated the aneurysmal rupture in one AMCAtreated patient who rebled during control angiography on the 6th day of treatment. 47 However, we have no satisfactory explanation for the difference in the incidence of rebleeding between the two AMCA-treated series, nor do we know why there was a high incidence of cerebral ischaemia among AMCA-treated patients. From their experience of a single or a limited number of cases several authors have expressed concern about an increased incidence of thrombotic and cerebral ischaemic complications associated with antifibrinolytic drugs. [48] [49] [50] [51] [52] This impression is confirmed by our findings. The 
